A simple, rapid, accurate and selective 1 H NMR spectroscopic method to detect and quantify euglobals in the leaves of Eucalyptus loxophleba ssp. lissophloia has been developed. The method allows for the estimation of total concentration of diformylphloroglucinolmonoterpene adducts, as well as the quantitation of sabinene-and α/β-phellandrene-adducts, separately. The method was validated for accuracy, precision and linearity using as reference standards 2-ethyl phenol and mixtures of jensenone, a monomeric formylated phloroglucinol, and 2-ethyl phenol.
Euglobals, one of the two known types of phloroglucinolterpene adducts, have been isolated from the leaves and flower buds of several eucalypts. Euglobals have shown diverse biological activities including granulation inhibitory [1] , anti-microbial [2, 3] , anti-tumor promoting [4] , cancer chemopreventive [5] , cytotoxic [6] and icthyotoxic [7] . In our earlier studies, we established the SAR of antileishmanial activity of several natural and synthetic euglobals [2, 3] .
Euglobals exist as stereo-, regio-, and/or positional isomers that required the use of either repeated or recycle HPLC precluding the use of HPLC for quantitation of individual euglobals from the crude extract [4, 8, 9] . Detection of euglobals and other FPCs from many eucalypts using Fourier transform ion cyclotron resonance mass spectrometry (FTMS) has been reported [10] .
The integral signal intensity in a 1 H NMR spectrum is proportional to the number of nuclei responsible for that particular resonance. qNMR has been exploited for the determination of several components in natural matrices, like vinegar and coffee [11, 12] . In the present study, we used NMR spectroscopy to determine the total euglobal content in a crude euglobal fraction prepared from dried leaves of Eucalyptus loxophleba using distinct peaks for different functionalities in their 1 H NMR spectra.
Euglobal composition and signal identification: 2-Ethyl phenol was used as an internal reference standard as it is a stable compound, freely soluble in CDCl 3 and shows a ______________________________ NIPER Communication Number: 484 simple 1 H NMR spectrum. The proton resonance at δ 6.77 ppm for one of the aromatic protons of 2-ethyl phenol is well resolved from the signals of the compounds present in the extract and, therefore, is an ideal reference signal for this purpose.
Structurally, euglobals are diformyl or formyl-isovaleryl phloroglucinol-monoterpene or -sesquiterpene adducts [13] . Euglobals 1a 1 , 1a 2 , IIc and T1 show distinct signals for olefinic protons of the α-phellandrene moiety in the 1 H NMR spectrum of a crude mixture. Similarly, the sabinene adducts (euglobal Ic, Ib, IIa and Bl-1) show signals in the range of δ 0.3 to 0.8 ppm due to the cyclopropyl protons of the sabinene skeleton. The formyl protons were found to be the ideal signals for the estimation of total euglobal content.
The 1 H NMR spectrum of the euglobal-rich fraction (ERF) showed the presence of hydroxyl protons in the region δ 13.3 to 13.6 ppm and their absence between δ 14.0 to 15.0 ppm indicating that the euglobals present in the ERF were diformyl adducts, while euglobals containing the formyl-isovaleryl moiety were absent [2, 3] . Therefore, it was assumed that each molecule of a euglobal would be represented by two formyl groups.
For quantitation of sabinene adducts, the integral of cyclopropane protons between δ 0.3 to 0.8 ppm was determined. The olefinic protons appearing between δ 5.6-6.1 ppm (present in euglobals Ia 1 , Ia 2 and IIb) were used for quantitation of α/β-phellandrene adducts. Figure 1 presents the 1 H NMR resonances used for quantitation. 
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Euglobal content of ERF:
A euglobal-rich fraction was prepared by fractionation of a chloroform-methanol (8:2) extract of dried leaves of Eucalyptus loxophleba by vacuum liquid chromatography (VLC). As several natural euglobals and their analogues were found to be active in in vitro antileishmanial assays [2, 3] , the ERF was evaluated in vivo for bioactivity [unpublished results]. The results of these assays prompted us to quantify the active constituents.
The mass spectrum of the ERF presented a molecular ion peak at m/z 387, along with fragments at m/z 251 and 195, indicating phloroglucinol-monoterpene adducts; no peak was detected at m/z 454 for phloroglucinol-sesquiterpene adducts. Therefore, there was no error arising from differences in molecular weight of euglobals because the molecular mass of all euglobals with monoterpene functionality was the same i.e. 386.
The concentration of euglobals present in the ERF was calculated using the equation:
Where, W x is the weight of the analyte (per 0.6 mL of solution), W s is the weight of standard, A x is the value of the integral for the analyte, A s is the value of the integral of the standard, N x is the number of protons of the analyte integrated, N s is the number of protons of the standard integrated, M x is the molecular weight of the analyte and M s is the molecular weight of the standard.
The average integral of the signals from 10.01 to 10.16 (for formyl protons), common for all euglobals, was determined ( Figure 2 ). Using the above formula, the total euglobal content of a 3.18 mg sample of ERF was calculated to be 1.3 mg (40.9%). The total quantity of phellandrene adducts was found to be 0.78 mg (24.7%). In the case of sabinene adducts, the resonance at δ 0.3 for one of the two cyclo-propyl protons was used for quantitation of euglobal Ic, Ib and IIa. Euglobal Bl-1 could not be quantified as the signals at δ 0.53 and 0.76 were not clearly separated from the methyl resonances (δ 0.8) of euglobal structures. The content of euglobal Ic, Ib and IIa was found to be 0.47 mg (14.8%).
Method validation and accuracy of analysis
Selectivity: The 1 H NMR signals at δ 7.26 for CDCl 3 , at δ 0.00 for TMS and those for the ethyl moiety, one aromatic phenolic group and four aromatic protons of 2-EP were well separated from the proton resonances of euglobals. No correction was applied for signals at 1.2-1.3 ppm and δ 1.4-1.5 ppm (0.05% of the triplet at δ 1.31 for the methyl group) as these signals were not in the frequency region used for quantitation of euglobals.
Linearity of response:
Linearity was assayed by acquiring the spectra of five different samples of ERF containing 3 to 25 mg per 0.6 mL CDCl 3 (keeping the amount of added internal standard the same, i.e. 2 mg). For the five measurements performed on the same day, the coefficient of variation obtained was 4.2% for total euglobal content.
Analysis of validation samples:
Accuracy of the method was assessed by determining the concentration of a diformyl phloroglucinol, jensenone, relative to the known concentration of the internal standard, 2-EP. Jensenone was mixed with 2-EP in three different concentrations. The content of jensenone estimated in the three synthetic mixture samples was determined to be 103.4 to 100.2% of the actual added amounts.
Precision of method:
The repeatability was assessed by acquiring spectra on five different days, and the coefficient of variation obtained was 3.0% for total euglobal content. No quantitative differences were observed in results due to the incomplete or over-filling (±100 µL) of the NMR tube.
Quantitation by HPLC:
In order to compare the results obtained by qNMR with HPLC quantitation, a calibration curve for robustadial B was generated. Total euglobal content of the ERF was estimated to be 44% based on the calibration curve of robustadial B.
The results indicate that the qNMR method developed is valid and accurate for rapid quantitation of euglobals in different matrices of Eucalyptus leaves. Unlike HPLC, individual compounds and different structural groups of euglobals can also be quantified by qNMR.
Experimental
Plant material: The leaves of Eucalyptus loxophleba ssp. lissophloia were collected from a provenance trial growing at Toolbin Western Australia and managed by the Western Australian Department of Environment and Conservation. A voucher specimen has been deposited in the Gauba Herbarium at the Australian National University (WJF 09/03).
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Sidana et al. mm); mobile phase: methanol: water: acetic acid (100:5:5); λ max 277 nm; flow rate 1 mL/min.
Preparation of stock solution and calibration curve:
The standard solution containing 1 mg/mL of robustadial B was prepared in ethyl acetate: acetontrile (1:1) and used to produce a calibration curve. The curve was a linear regression fitted to AUC obtained at 6 concentrations between 100 to 600 ng with a correlation coefficient of 0.999. The standard solution was injected 3 times at each concentration to confirm the peak area and retention time.
Preparation of sample solution:
The euglobal-rich fraction was dissolved in ethyl acetate: acetonitrile (1:1) to obtain a concentration of 1 mg/mL. Injection volume was 5 µL. All the analyses were performed in triplicate.
